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Since the 19th century, the paradigm of wrist fractures was that anatomic
reduction was not mandatory to obtain good functional results. Due to the
introduction of radiography (1895) it became clear that malunion occurred more
often in the distal radius than was thought. However, despite the novel anatomical
insights the treatment of choice was always closed reduction and plaster
immobilisation for four to six weeks. Before the second World War, operative
treatment was generally restricted to open reduction in irreducible fractures, and
secundary operations on the distal radius or ulna in selected cases with severe
wrist symptoms from distal radial malunion.
Large retrospective studies in the 1950’s and 1960’s learned that about 20% of
patients complained of pain with loss of wrist motion following healing of a distal
radial fracture. It appeared that malunion was quite often found in patients with an
unfavourable outcome. To improve anatomical results and functional outcome,
fixation with pins after closed reduction was the most popular to fixate unstable
fractures. A real paradigm shift occurred after 1970. Restoration of anatomical
relationships was considered a prerequisite to obtain good functional recovery. As
a consequence, open reduction and internal fixation (ORIF) was more often
indicated, and performed increasingly. However, it appeared that ORIF was not
always succesful in complex or intra-articular fractures. Therefore, closed fixation
techniques like external fixation or K-wire fixation were re-introduced and became
again very popular in the 1980’s.
Because, about 30 different fracture types may be discerned, and many distinct
treatment regimens can be performed, a need for a universal, treatment-based
classification system is obvious. Presently, little validation studies of classification
systems have been reported. Furthermore, many surgical techniques for distal
radial fractures are still under development, and precise indications when to
perform a particular technique are not known. A selection of epidemiological,
classificational, and clinical issues is presented in this thesis.
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CHAPTER 2
The Groningen Trauma Study
During the period 1970-1993, 245,251 visits were recorded in the trauma registry
of the University Hospital Groningen (the Netherlands). An analysis of injury
antecedents revealed five principal causes (ICD-CM), respectively: Accidental fall
(28%), sports and unspecified accident (26%), traffic (19%), cutting and piercing
instruments (10%), and violence (4%). Trend analysis across the 24-year period
showed that the incidence of injuries due to traffic and accidental fall decreased,
while the rate of injuries due to assault increased two-fold. Within the subgroup of
traffic accidents, injuries caused by cars and motorcycles declined, while bicycle
accidents increased dramatically.
With respect to sex and age, the highest incidence rate of traumatic injury
occurred to men of 20-29 years. The overall male to female ratio was 1.8. A
predominance of male patients was observed in all cause categories, except in
accidental fall. In this category, a relatively higher incidence of women was
observed.
The overall mortality rate was 0.5%, with the highest mortality rate being in women
above 70 years. The main three causes of fatal injury concerned traffic (66%), fall
(16%), and violence (3%). The injury patterns in the present study are in close
agreement with patterns of other large trauma populations. Some discrepancies
could be discerned. For example, in traffic injury most victims (66%) concerned
pedestrians and bicyclists, and firearms comprised only 1.2% of injuries due to
assault. The usefulness of the registry in current community trauma care
programs, and the broader perspective of trauma registration in the Netherlands is
discussed.
CHAPTER 3
Epidemiological developments of wrist fractures in Groningen
110
This study describes longterm epidemiological trends of 8,361 distal forearm
fractures out of 256,431 trauma patients (3%) treated in a Dutch university
hospital. The mean incidence rate across the whole lifespan was 42 per 10,000
inhabitants. The general picture was that the incidence rate decreased from 47 in
1971 to 38 per 10,000 in 1995. The highest age-specific incidence rate was found
in the age group above 79 years (90 per 10,000), followed by the age group of 0-9
years (80 per 10,000). The pattern of aetiology did not change: The distribution
was accidental fall (62%), sports & leisure (19%), and traffic (14%).
The rate of hospital admission of patients with a distal forearm fracture increased
from 6 percent in 1971 to 14 percent in 1995. It appeared that on the long term the
increase of hospital admission could largely be attributed to patients younger than
50 years of age. It has been discussed that the rise in number of operative
treatment may be explained by a grewing population in the area of adherence,
and a change in surgical policy causing more indications to operate on distal
forearm fractures.
CHAPTER 4
Recognition of 10 different distal radial fracture types
This descriptive study is about the base-line performance of verbal and visual
recognition of 10 different types of distal radial fractures. A verbal recognition and
a visual recognition task was designed for each fracture type. A verbal recognition
task consisted of a description with the relevant distinctive features of the fracture.
The subject was asked whether he recognized the particular fracture. A visual
recognition task consisted of an X-ray, and the subject had to label the fracture.
The test was presented to 30 surgical trainees working in 5 teaching hospitals.
On the verbal task, the performance was greater (68% yes) than on the visual
counterpart (33% correct). Verbal and visual recognition met our criterion of 80%
correct responses in the following fracture types: Colles’, distal forearm, and
Smith’s fracture. In 7 other fracture types (combination radius & scaphoid, radial
styloid process, dorsal Barton’s, volar Barton’s, pilon, chauffeur’s, and lunate load
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fracture) the 80% criterion was not met. Analysis of the incorrect answers in the
visual recognition task revealed that the residents tend to label unknown fracture
types as Colles’ or Smith’s fracture. Furthermore, the subjects tend to
overestimate their own diagnostic competence (overconfidence bias) in several
fracture types. It has been concluded that in order to improve classificational
reasoning, relevant distinctive features of distal radial fractures should be
instructed.
CHAPTER 5
Observer agreement on AO classification for distal radial fractures
This study is about agreement on the assignment into the 3 basic classes (A,B,C)
of the AO/ASIF’s classification system for distal radial fractures. A random sample
of 124 fractures was classified by two experienced observers. The degree of
agreement was calculated according to Cohen’s kappa statistics. To investigate
the possible causes of disagreement, all conflicting X-ray assessments were
discussed in a consensus meeting (Delphi approach).
It appeared, that the kappa value was 0.65 (good agreement) before the meeting.
While the kappa value rised to 0.86 (excellent agreement) after the Delphi
meeting. It appeared that the undisplaced fractures were a major source of
disagreement. Furthermore, the presence of articular involvement was an
important issue. It was frequently observed that one observer classified the
fracture as extra-articular (A), while the other observer choose for an intra-articular
fracture (C), or vice versa. This phenomena has been called the A/C reversal shift.
It has been concluded, that radiological innovations might enhance agreement on
articular involvement, and a separate category for undisplaced fractures should be
defined in the AO system. However, agreement on relevant distinctive features




Fractures of the radius and scaphoid
Simultaneous fractures of the distal radius and scaphoid is an uncommon wrist
injury. During the period 1980 to 1993, 23 patients with a median age of 39 years
were treated for this injury. The median follow up period was 7 years. All scaphoid
fractures were undisplaced and located in the waist or distal third. An extra-
articular distal radial fracture was observed in 15 wrists. A below elbow cast
including the thumb was applied in 18 wrists for a mean duration of 9 weeks, and
operative treatment was used in only 5 patients.
All scaphoid fractures healed without complications. During conservative treatment
redisplacement of three distal radial fractures occurred. The final functional results
were good in 18, fair in four, and poor in one patient. Because complications
occurred at the distal radius we have changed our conservative treatment policy
from a below elbow cast including the thumb to a dorsal splint for 6 weeks.
CHAPTER 7
Dorsal radiocarpal fracture-dislocation
Dorsal radiocarpal fracture-dislocation is defined by dorsal carpal displacement
caused by disruption of the radiocarpal ligaments, while the associated distal
radius fracture has to be confined to the rims and the styloid process. Several
cases have been reported in the past 25 years, and mainly clinical and taxonomic
aspects have been discussed. However, specific methods of operative treatment
to improve functional outcome have not been reported.
In the period 1982-1994, 6 patients have been treated at the University Hospital
Groningen. K-wire fixation was performed in 3 cases,  external fixation in 1, and
open reduction and fixation (ORIF) with screws in the radial styloid process and a
dorsal  protruding T-plate to maintain carpal reduction was perfomed in 2 wrists.
It was observed that there is a risk of loss of reduction if K-wire fixation is
performed. It seems that carpal subluxation or redislocation of the radial styloid
process can be avoided if ORIF is performed. Good radiocarpal alignment can be
obtained by open reduction, provided that a protruding T-plate is inserted dorsally
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on the distal radius. The precise influence of concomitant carpal instability, like
DISI or SL-dissociation, is not clear. But, it seems plausible that the anatomical
relationschips in the carpus has to be restored, operatively. Although, operative
therapy may be mandatory in dorsal radiocarpal fracture-dislocation, we got the
impression that the ultimate functional results does not only depend on surgical




One therapeutic alternative for redislocation of dorsally displaced fractures of the
distal radius (Colles’ fracture) is closed reduction and transstyloid Kirschner wire
fixation. We describe our results of 21 redislocations treated in this way in the
period 1987-1994. According to Older’s classification, 8 fractures were classified
as type 3, and 13 fractures as type 4. After a median follow up period of 2 years
most patients had regained normal volar tilt, but significant secondary loss of
radial tilt and radial length was found in 11 patients. Malunion occurred in 8 wrists
due to either fracture comminution or insufficient K-wire fixation. According to the
scoring system of Gartland and Werley, the end results were poor in 2, fair in 11,
good in 4, and excellent in 4 wrists. Secondary displacement and malunion was
commoner in intra-articular fractures (Older’s type 4). We concluded that closed
reduction and K-wire pinning is not suitable for redislocated distal radius fractures .
CHAPTER 9
Radial corrective osteotomy
Positive ulnar variance due to inadequate correction of radial length is a common
sequalum after radial corrective osteotomy. To avoid this complication we
performed a combination of ulnar shortening osteotomy and radial corrective
osteotomy in 6 of 22 radial corrections. The indication for the combined procedure
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was a relative ulnar length of minimally 5-6 mm. The functional outcome was fair
in 1 and good in 5 cases with combined osteotomy. Overall, the functional results
were good in 17 cases.
Pain in the distal radioulnar joint was observed in 3 of 22 patients. Positive ulnar
variance was the reason for pain in only 1 patient. Eventually, 2 hemiresections of
the ulnar head (Bower’s arthroplasty) were performed. It appears that positive
ulnar variance following radial corrective osteotomy is caused by inadequate
lengthening. The present study showed that in malunions with a relative ulnar
length of at least 5-6 mm, concomitant ulnar shortening osteotomy can prevent




The ulnar impingement syndrome due to a relatively long ulna is one of the
complications of a fracture of the distal radius. We performed 10 ulnar shortening
osteotomies to restore distal radioulnar joint congruity. The mean relative ulna
length was 4-5 mm. Insufficient bone healing was encountered in 4 osteotomies.
Replating and cancellous bone grafting was necessary in 2 cases because of non-
union. The functional outcomes were good in 6, fair in 2, and poor in 2 patients.
Non-union and poor functional outcome were related to a malunion of the radius
with a volar radiocarpal angle of 20 or 25 degrees. Incongruity of the distal
radioulnar joint favored non-union.
It appears that the ulnar impingement syndrome following a fracture of the distal
radius is best treated with ulnar shortening when a solely loss of radial length is
present. The present study showed, that if the radiocarpal angle is also disturbed,
healing of the osteotomy is often insufficient, leading to poor functional results.
